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INTRODUCTION

TheU.S. Armycurrentlyfie dswohd metmounteddi spl aysystems. Thesearethel ntegrated
HelmetandDisplaySightingSystem(IHA D SS), whichisempl oyedontheA H-64A pache,andthe
Aviator'sNightVisonmagingSystem(ANV 1 S),whichisemployedondIU.S. Armyrotarywing
arcraft,indudingtheA H-64.Thel HA D SShasbeenfiel dedsincel 985and ANV | Scameintogenerd
useduringthel atter1980%. TheA NV | Sisbasedonthirdgenerati onimageintengficationtubes,
systemshasedonsecondgenerati onmegeintensficationtubesprecededANV | Sandwerefid dedas
earlyasl971.

Theperformanceandfigures-of-meritpecificationsofthel HA D SSandtheANV I Sprovidea
basi sforjudgingperformanceoffuroreaviationel ectro-opticaldevices. TheANV I SandIHADSSare
fiel dedandprovensysemswhichformatangiblebad sfordeve opingfuroredes gnsandperformance
requirements. Futurehemetmounteddi spl aydes gnsmustberequiredtoprovideperformancewhich
meetsorexceedstheperformanceofcurrentlyfiel dedsystems. Thispaper specifiesnsummaryform
performanceparametersfordifferentfigures-of -meritwhichleanbeusedtodefinetheoveral
performanceofthel HADSSandA NV | S. Theseva ueswereobtai nedfromanexhaudtiveliterature
searchoftestandeva uationdataavailableonl HADSSandANV | S. Theseva uesareintendedtobe
usedasabasdineforcompari sonofnewsystems. Sy stemparametersforwhichinaufficient
performancedataareavail ablea soarenoted.M ostofthedataspecifi edinthispaperistheresult of
phys caandperformanceassessmentsperformedattheU. S.ArmyAeromedicaResearch
L aboratory, FortRucker,Alabama(Rashetd .,1987; K otul ak,1993; Rabin, 1994; Martinetal.,
1994;Hardingetd .,1995).

IHADSSSPECIFICATIONS

Thel HA D SScons stsofvariousel ectroniccomponentsandahe met/di splaysystem, cdlledthe
| ntegratedHe metUnit(1HU). Thel HUincl udesahel met,visorhous ngswithvisorsminiature
cathode-ray-tube(CRT),andhe metdi splayunit(HDU)[Figurel] . TheHDUservesasanoptical
relaydevicewhichconveystheimageformedontheCRTthroughaseri esofl enses, offabeamsplitter
(oftencalledacombiner) ,andintotheavi ator'srighteye. Thecombinerisamultilayereddichroicfilter
whichismaximizedforreflectanceatthepeak emiss onoftheP-43phosphor. Thel HA D SSoperates
inconjunctionwithtwoforwardl ookingi nfrared(FL | R)sensord ocatedonthenoseoftheaircraft.
Onesensor,cdledthePilot'sNightVisionSystem(PNV S), provi despil otageimeagery, whilethe
secondsensor,theTargetAcquistionandDes gnationSystem(TADS),provi destargetingimagery.
I nfrareddetectors,mountedonthel HUhe met,alowtheFL I Rsensorstobed avedtothepil ot'shead
movements Aircraftparametersymbol ogy,a ongwiththeimageryfronmtheFL | Rsensor ispresented
tothepil otbymeansoftheHDU. TheHD Uisdes gnedsothattheimageofthe30-degreeverticaby
40-degreehorizontalfie d-of -view(FOV ) ofthesensorsubtendsa30- by40-degreefid datthepil ot's
eye. Thel HA D SSisamonocul ardisplay, presenti ngimagerytotherighteyeonly. Atnightandunder
indementweatherconditions,theHD Ui magerymaybethesol esourceofinformationbywhichthe



pilotflietheaircraft. Thevisudqudityofthisimageryisofsupremei mportance.

Performancespecificationsforthel HA D SShavebeendividedintotwocategori esopti caland
€l ectro-optical . Opti calspecifi cationsdealwiththepropagati onoftherel ayandsee-throughoptics.
Electro-opti calgpecificationsdealwiththeimegeasgeneratedbytheCRT. M ostofthephysica
measurementsthatspeci fytheperf ormanceofthel HA D SSarefoundinUSAARL L aboratoryReport

95-32(Harding,Beadey, MartinandRash1995).
Wed soincludedlimited - - discussiononvisud
performancewiththe IHADSS.

Figurel.Drawingofthel HADSSIHUand
visorinplace.

IHADSS optical specifications

Combiner lens transmittance. Transmittance of light through the HDU combiner lens from the
ambient sceneis orientation dependent. We estimate that the plane of the combiner lensis
approximately 23 degrees off parale to the front surface of the eye. Harding et d., (1995) measured
transmittance at different anglesin 2-degree increments. Figure 2 shows the transmittance they
measured at 22 degrees off normal. The dip in the transmittance curve alows greater reflectance of the
output of the IHADSS tube and therefore greater IHADSS luminance reaches the eye. The average
transmittance between 400 and 700 nanometers (nm) is 36 percent.



Distortion. IHADSS distortion was measured using an Ann Arbor opticd tester, theimage of a
Ronchi ruling was viewed after having passed through the optics of the HDU combiner lenstwice.
Comparing the imaged ruling to standards in MIL-V-43511C reveded nonsgnificant levels of
digtortion. A vaue of lessthan 1 was assigned the ditortion image.
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Figure 2. IHADSS combiner lens transmittance measured as a function of
wavelength. The combiner lens was set to an angle 22 degrees off norma. From
Harding et d., 1995.

Optical aberrations. Field curvature and spherica aberration were measured using a dioptometer
to measure errors in focus with changes in orientation (field curvature) or changes in decentration
(sphericd aberration). In Figure 3, fied curvature datais plotted as a function of change in focus with
changesin rotation (orientation). The difference between the vertical and horizontal focuses at each
degree of rotation is ameasure of astigmatic error.

In Figure 4, spherica aberration is plotted as a function of decentration. The amount of
decentration is limited by the Sze of the exit pupil. Since the sze of the exit pupil was gpproximately
10.5 mm, the measurement & 6 mm shown in the figure is suspect. The data are an average of the
vaues obtained bilaterdly out to 5 mm.

Magnification. HDU generated images show little or no deviation from unity magnification. The
sensor to display fieds-of-view aspect ratio and magnification are maintained.
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1995.



Field-of-view. IHADSS fidd-of-view was measured by filling the CRT with auniform light
pattern and then measuring luminance output as a function of IHADSS rotation. Harding et d., (1995)
measured the horizonta and verticd fields of view of the displayed IHADSS image to be gpproximately
40 and 31 degrees, respectively.

Eye relief Opticd eyerdlief is defined as the distance aong the optica axis from the last optica
element (e.g., IHADSS HDU combiner lens) to the exit pupil. Perhaps of more functiona importance is
the notion of "physica eye relief' which is defined as the distance from the closest display system
component to the exit pupil. Physica eye rdief determines system compatibility with auxiliary devices,
e.g., corrective lenses, protective masks, etc. Harding et d., (1995) measured optica and physical eye
relief under two different conditions. The conditions were with the combiner lens (a) fully retracted, and
(b) fully extended. These two conditions represent the far and near extremes of eye relief. Under
condition 'a, optica eye relief equaled 40.12 mm and physicd eye rdief equaled 13.18 mm. Under
condition ', optica eye rdief equaed 25.76 mm and physica eyeredief equaled a- 5.99 mm. The
negetive physica eye rdief in condition b’ underscores the potentia problem associated with relying
upon opticd eye relief measurements.

Exit pupil (3ze and shape). The size of the exit pupil was measured by focusing on the exit pupil
with a short working distance telescope which was mounted to a precison stage. When viewed through
the telescope, the exit pupil appeared asacircular patch of light. Harding et ., (1995) measured the
horizonta and vertical extent of the patch of light using the precision stage which had an incrementd
accuracy of just afew microns. The horizontd and verticd diameters were virtudly identica thus
providing acircular diameter of 10.57 mm.

Focus adjustment range. There is afocus adjustment on the barrd of the IHADSS HDU which
alowsthe user to bring the imagery into sharp focus. Harding et d., (1995) measured this range to be -
6.250 to +3.625 diopters.

IHADSS el ectro-optical specifications

Dynamic luminance range. The luminance range of the miniature CRTsisrather high and is
limited by spectrd filtering, the HDU amplification circuits and the typical operationd/user settings. By
focusing a the exit pupil formed by the HDU, Harding et d., (1995) found a maximum luminance
output of about 640 fL at saturation. This output was achieved by providing a 1 volt peak-to-peak
NTSC sgnd to the CRT amplification circuits.

Dynamic modulation transfer function (MTF). The dynamic MTF of the HDU is defined by a
gpatiotempord surface whose amplitude is modulation depth at each combination of spatial and
tempora frequencies. From avisud standpoint, luminance contrast is of greater importance than
modulation depth. Harding et d., (1995) measured a form of luminance contrast, termed Michaglson
contrast, over arange of spatia and tempord frequencies. Figure 5 shows Six spatia
curves measured at Six different tempord frequencies. Below 2 Hz, the curves are well grouped. Above

10
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Contrast ratios. By focusng a photometer through the exit pupil to the center of the HDU's field-
of-view, Harding et d., (1995) measured contrast ratios under different luminance conditions. By
Setting the luminance and contrast to maximum, they found a contrast retio at saturation to be about 3.0
(640/210). To define the contrast ratio over a more usable operational range, two levels were chosen
(15 and 150 fL pesk luminance) to correspond with lighting conditions encountered while flying with
ANVIS and under daytime conditions. For setting the output, they set the contrast to zero and adjusted
the peak brightnessto 1 fL. They then adjusted contrast until they achieved aluminance of elther 15 fL
or 150 fL at the peak. Under these conditions, they found contrast ratios of 13.6 (15/1.1) and 33.3

(150/4.5), respectively.

Gray shades. By defining gray shade increments as multiples of 2%9), the number of gray shades
can be cdculated from the contrast ratios specified above. For contrast ratios of 13.6 and 33.3, we
found 8 and 11 gray levels, respectively.

Display chromaticity. The spectra output of the HDU with the P-43 phosphor is narrow banded
with a peak transmittance at 544 nm. This peak corresponds with the peak of the P-43 phosphor. The
width of the spectrum isabout 4 to 6 nm at alevel equa to 50 percent of the peak. The sidebands of
the P-43 phosphor are filtered out by the HDU opticd filter. Chromaticity coordinates for the spectrum
are x--0.2774, y=0.7089 and u'=0.1013,v’ =0.5826 for the 1931 and 1976 CIE coordinates,
repectively.

Display uniformity. Digplay/luminance uniformity was measured in the verticd and horizontd
meridian of the fidd-of-view. The luminance fdl off abruptly at the extremes of the fidd-of-view.
Independent values were obtained for each meridian by measuring luminance uniformity to within one
degree of the field-of-view border. The vertica mean luminance was 129 + 13.2 fL and the horizonta
mean luminance was 124 + 19.6 fL.. The larger horizonta standard deviation is due to the greater
luminance fal-off in the peripherd fied-of-view.

Visual Performance with the IHADSS

Actud IHADSS performance may vary greetly from the performance measurements presented
above depending upon aviator settings, head and face anthropometry, and HDU/combiner lens
adjusments. The performance metrics mostly affected by the user are luminance, contrast ratios and
field-of-view.

12



Visual resolution. Visud resolution and contrast of IHADSS imagery are dependent on ambient
light levels, background luminance and texture, and control settings of display contrast and brightness,
and PNV S sensor settings of gain and biaslevel (Rash et d., 1990). Rash and Behar (1990) showed
90 percent of Apache aviators misadjusted the HDU focus setting by a mean of-2.25 diopters. Even
without this potentid problem, Snellen visud acuity with the Apache PNV SIHADSS system is cited as
20/60 (Greene, 1988).

Field-of-view. A very important lesson learned during the early fidding of the IHADSS was the
impact of fitting on the ability of the aviator to achieve the full 30- x 40-degree fidd-of-view (Rash et
d., 1987). Unless congderable care is taken in fitting of the IHADSS IHU and HDU to the user, with
gpecid concern paid to head and face anthropometry and final extension of the combiner, a serious loss
of field-of-view can occur. In addition, the integration of chemica protective masks with the IHADSS
can cause Smilar lossesin achievable field-of-views (Rash and Martin, 1987).

ANVIS SPECIFICATIONS

The ANVISisabinocular hedmet mounted display based on third generation image intengfication
tubes (Figure 6). These tubes use the principle of photomultiplication to amplify low level ambient light.
ANVISis sengtive to spectra energy between 550 to 950 nanometers. Photonsfalling on a
photocathode produce e ectrons which are multiplied within a microchannel
plate and then strike a phosphor screen, producing an amplified image of the outsde scene (Verona
and Rash, 1989). The ANVIS currently uses a P-22 phosphor but is planned to be changed to the
faster P-43 phosphor. The spectra output of the ANV IS which reaches the eye corresponds to the
phosphor's spectrum, not to the spectrum of the ambient scene.

13



Performance specifications for the ANV IS have been divided into two categories. optica and
electro-optica. Optica specifications ded with the physicd light conversion path and with user
controls. Electro-optica specifications ded with the image as generated by the amplification tube,

microchannd plate and phosphor display. We aso include a discussion on visua performance with the
ANVIS.

Figure 6. Drawing of ANVIS attached to the SPH-4
helmet. Attached to the rear of the helmet isthe ANVIS
battery pack which serves as a counterba ance.

ANVIS optical specifications

Distortion. Digtortion in the ANVIS is best described by a curve which shows distortion in
percent as amatter of angular position (Figure 7). As can be seen, little distortion is gpparent even at
extreme angular pogitions. MIL-A-49425 (CR) states that distortion shal be no greater than 4 percent
across the fidd-of-view. Martin et d., (1994) found distortion values less than 2 percent.

Magnification. Sighting through the ANVIS should have unity gain and any deviation from this
would be an estimate of magnification. Measurements taken by Martin et ., (1994) using a precison
test method, found a magnification of 2 percent or less. MIL-A-49425 (CR) states that magnification
ghdl belessthan +5 percent.

Eyerelief. Physcd eyerdief distance for the ANVIS can be specified as the greatest vertex
distance where the entire 40-degree field-of-view is fill visble. The distance from the anterior surface
of the corneato the surface of the last lens dement of the ANV IS is specified as the vertex distance.
Beyond a vertex distance of 20 mm, the field-of-view is proportionately reduced (Kotulak, 1992;
McLean, 1995). Thus, 20 mm isagood estimate of eye relief.

14
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Figure 7. Percent ANVIS digtortion as afunction of angular position. Data taken from Martin et

al., (1994).

Exit pupil. The ANVIS does not form an exit pupil per se a the eye, however, an effective exit
pupil size can be defined at any specified vertex distance within the cone defined by the margind rays.

Focus adjustment range. In MIL-A-449425 (CR), the objective focus range is specified as 28 +

3 cmto infinity. The eyepiece focus rangeis +2 to -6 diopters.

49425 (CR)) for the interpupillary

Interpupillary adjustment. The specifications (MIL-A

adjustment range are 52 to 72 mm.

Collimation. Collimation in the sense of the ANVIS s not a measurement of pardle light rays but

rather is a measurement of the aignment between the left and right optics of the ANVIS. The

divergence/convergence between the light beams emitted from the two eyepiecesisless than 1 degree.

ANVIS electro-optical specifications

Dynamic luminance range. ANVIS display luminanceis afunction of target and ambient light
levels. Rabin (1994) evduated ANVIS output luminance as afunction of steady ambient light levels.

The light levels emulated night sky conditions. Figure 8 shows aplot of ANVIS output luminance asa

function of night sky condition. Through a calibration procedure, Rabin found an approximate three log

15



unit dynamic range for the ANVIS, dthough under typical night sky conditions (Figure 8), the dynamic
range of the ANVISis|less than two log units.

15 ~

Luminanece (fl)

0.5 [#

y
Full Moon Quarter Moon =tar Light Cvarcast
Sky conditions

Figure 8. ANVIS output luminance as afunction of night sky condition. Datafrom Rabin,
1994,

Dynamic MTF. The dynamic MTF of the ANVIS has not been done due to the difficulty in
generating mathematicaly precise near infrared images.

Contrast ratio. Target contrast is dependent upon target Size, target reflectance, and lighting
conditions. The luminance output of the ANVISislinear to the point of saturation. For asmdl high
contrast target, ANVIS contrast is high. According to unpublished data by W.E. McLean, contrast
ratios of 33 (peak luminance/background luminance) are easly obtained. For smal point sources of
light, such as ground vehicle lights seen from afar, much higher contragt ratios are achievable.

Gray shades/levels. For acontrast of 33, 11 gray shades are available based upon a one-half
octave increment between levels.

Gain. The light amplification gain of the ANVIS is dependent upon the automatic gain control
mechanism. For extremdy low luminance levels, again of 3000 is possible.

16



Display chromaticity. The ANVIS output using the P-22 phosphor is broadband with the peak
wavelength at 537 nm. The chromaticity coordinates are x=0.3143, y=0.5983 and u’'=0.1316,
v'1=0.5639 for the 1931 and 1976 CIE coordinate systems, respectively.

Display uniformity. Display uniformity has not been measured for the ANVIS.

Field-of-view. Fidd-of-view was measured by Martin et a., (1994) and was found to be 40.4
degrees. The technique they used measured the light output of the ANVIS as afunction of angular
rotation. Extreme light fall-off a the borders of the fiel d-of-view made the field-of-view measurements
religble,

Visual performance with the ANVIS

Resolution and ambient light level. Visud acuity with the ANVIS is dependent upon ambient
light level and target contrast. In generd, the higher the contrast and higher the ambient light level the
higher the acuity. Figure 9 shows Shellen acuity as afunction of night sky conditions. For high contrast
targets, Snellen acuity is better than 20/40 under full moon lighting conditions and falls off gradudly to
about 20/80 under overcast Sarlight conditions. For medium contrast targets, Snellen acuity is about
20/50 under full moon conditions and fals to about 20/300 under overcast starlight conditions.
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Fgure9. Visud acuity with ANVIS as afunction of night sky condition for targets of
high and medium contrast. Data form Kotulak and Rash, 1992.
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Spatial contrast sensitivity and ambient light level. Like visud acuity, spatid contrast sengtivity
is likewise affected by ambient light levels. The lower the light level, the lower the contrast sengitivity.
Figure 10 shows spatid contrast sengitivity as afunction of four ambient light levels. Note the fal-off in
sengtivity with increased spatid frequency.

Temporal contrast sensitivity and ambient light level. True tempord contrast sengtivity has not
been measured usng ANVIS. What has been measured isflicker sengitivity to an on-off target (Rabin,
1944). Thetarget was a set of seven flickering letter *ES each measuring 75 minutes of arc but having
different contrasts. The contrasts ranged from 4 to 100 percent in 0.23 log unit increments. The task
was to identify the flickering ‘E’. Figure 11 shows flicker sensitivity to four night sky conditions. Notice

thet flicker sendtivity is
greatest under full
moon conditions
and fdls off asthe
ambient Ky lighting
conditions are
reduced.

Log contrast sensitivity

Spatial frequency (cycles/deg)

Full Moon —=——= Quarter Moon
siiileadtl SEtarlight: 0 smieeetis Overcast

Figure 10. Spatid contrast sengtivity as afunction of spatia frequency for
different night sky conditions. Dataform Rabin, 1994.

18



ménn @ 15E;

n={ sabjealn
1.5
——8—  Full moon
17 - —r— ] OG0
=—— itar|lghi
= — Dveisadd
'E
E - B
-
']
i
ﬁ o8
b
2
oy =
0.0 T T T ¥ |

. 16 180
Temporal frequency (Hz)

Figure 11. Visud flicker sengtivity viewing dphanumeric characters through the
ANVIS. Datafrom Rabin (1994).

Dynamic target identification. There is no standard psychophysica procedure for specifying
target identification performance.

Field-of-view. Fied-of-view is dependent upon the distance from the eye to the anterior portion
of the last lens lement of the ANVIS (sometimes referred to as the vertex distance) (Kotulak, 1992).
Within the eye rdlief distance the field-of-view is around 40 degrees. With vertex distances greater than
20 mm, the field-of-view decreases proportionally to the increase in distance. At 50 mm vertex
distance, the field-of-view has fallen to 25 degrees.

SUMMARY

These data presented are a compendium of genera performance specifiers for fielded army
helmet mounted display systems. The data were taken from published and unpublished reports and
represent a summary description of these electro-optical systems. The IHADSS and ANV IS data
are summarized in Tables 1 and 2, respectively. Comparisons between these two systems are not
warranted since the systems are based on different operating principles.
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Table 1.

Summary table of IHADSS performance

Test parameter

Per for mance measur ement/specification

Optical

Combiner lens trangmittance

36 percent between 400 and 700 nm

Digtortion <1 by MIL-V-43511C scale
Optica aberrations See Figures 3 and 4.
Magnification Unity
Field-of-view 40 degrees horizontd x 31 degrees vertica
Eyerdlief Combiner fully retracted:  Optical eyerelief of 40.12 mm
Physical eyerelief of 13.18 mm
Combiner fully extended: Optical eyerelief of 25.76 mm
Physical eyerelief of -5.99 mm
Exit pupil Circular, diameter of 10.57 mm
Focus adjustment range -6.250 to +3.625 diopters
Electro-optical
Dynamic luminance range 640 fL peak
Dynamic MTF See Figure 5.
Contrast ratios 13.6 for 15 fL. pesk luminance
33.3for 150 fL peak luminance
Gray shades 8 for 15fL pesk luminance
11 for 150 fL peak luminance
Display chromaticity x=0.2774, y=0.7089 and u’'=0.1013, v’ =0.5826
Display uniformity Vertica: 129 + 13.2fL

Horizontd: 124 + 19.6 fL
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Table 2.

Summary table of ANVIS performance

Test parameter Per for mance measur ement/specification
Optical
Digtortion Lessthen 2 percent
Magnification Lessthen 2 percent
Eye Rdief 20 mm or less
Exit pupil effective exit pupil defined by vertex disance

Focus adjustment and range

range 28 £ 3 cm to infinity
adjustment: +2 to -6 diopters

Electro-optical

Dynamic luminance range

See Figure 8.

Dynamic MTF Data not available

Gray shades 11 gray shadesfor naturdly illuminated objects
Contrast ratios 33to 1 for naturdly illuminated objects

Gain 3000X

Display chromaticity x=0.3143, y=0.75983 and u’' =0.1316, v’ =0.5639
Display uniformity Data not available

Field-of -view 40.4 degrees circular
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NEWER TECHNOLOGY

Thislast decade has seen widespread advances in flat panel technology spurred in large part
by the ever increased market share of portable computers with the market desiring faster displays
with greater spatia and color resolution, and by the portable television market and by other related
markets. The consumer has seen the advantage of flat panel technology and the manufacturers
have escalated their capital investment into the development of new and better displays and
manufacturing processes. Fully capitalizing on this growth industry and with the wish to develop
an industria base, the Department of Defense has funded an initiative to provide American firms
R&D dollars to develop flat panel technologies. With manufacturers striving for increased
miniaturization and greater resolution, the flat panel displays are now competing with other
technologies for operational consideration. Flat panel technology provides the aviation community
with an alternative electro-optical display that islighter in weight, lower in cost, lower in power
consumption and smaller in size. Prototype helmet mounted displays are being developed which
use miniature high definition flat panel technology for image generation. The new technology is
also being used in designs and prototypes for the next generation night vision devices as
symbololgy generators. Cockpit displays are aready being produced using the new technology.

NEWER VISUAL PERFORMANCE METRICS

Theimage quality of electro-optical display information must be assessed in terms of
viewing conditions (e.g., visua distance from eye to display, display size, display luminance and
lighting conditions) and in terms of operational figures-of-merit. Image quality of an electro-optical
display information must be defined in termsthat are directly relatable to human visua
performance. Further, image quality metrics must include measures relatable to ease of human
target detection and recognition. Progress has been made in relating electro-optical display
characteristics to a human factors assessment. Early in the history of display ergonomics, the metric
MTFA (Charman & Olin, 1965) provided a measure that had some success in predicting image
quality. The MTFA however over-smplified visua task performance and violated certain
mathematical principles. Because of this oversmplification, other metrics have been developed. Of
recent significance isthe work of Peter Barten (1990, 1993) and the " Square-root integral”
assessment method (SQRI).

The SQRI is given by

SQRI= 1/ (M(U)/M,()_du
u

where M(u) isthe MTF of the display and Mt(u) isthe visual contrast threshold curve, and uis
gpatial frequency per unit angle at the eye of the observer. The integration extends over the range
from O to maximum spatia frequency. This equation thus takes into consideration the spatia
frequency description of the display and the visual system. Good agreement has been found
between the SQRI and subjective measures of image quality (Barten, 1990,1993; Westerink &
Roufs, 1989).

Scientists from Honeywell, Inc. (Nelson and Cox, 1992) have developed a model for
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assessing HMD designs based upon alinear systems approach. The approach calcul ates the
frequency transfer characteristics of each major component in an HMD design and feeds that
information into a simplified spatial model of human visua perception. The model, although well
done, neglects the important tempora characteristics of the HMD and vision.

A metric smilar to the SQRI and the Honeywell model but incorporating temporal
characteristics must be devel oped for head mounted displays so as to stream line human factors
assessment and to improve system acceptance.

Image quality must also reflect what types of information the electro-optical display is
intended to present. For example, if only alphanumeric characters will be presented, the low spatial
frequency range of the display is of lessimportance than the high spatial frequency range. To
reflect this relationship between spatial frequency bands and performance, new human factor
metrics must be devel oped to relate subjective image quality to electro-optical display figures of
merit.

Future cockpit electro-optical designs would benefit from a well crafted human factors
assessment technique which is patterned after the SQRI metric.
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